The  Marine  Technology  Society 

Amiuil  Conference 

Baltimore  Convention  Center 
November  16 -19, 1998 


REPORT  DOCUMENTATIOfi  PAGE 

Form  Approved 

OBM  No.  0704-0188 

Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  in^ngthe  time  fw  re^e^ng  in«^^^ 

Hiahwrav  Suite  1 204  Minmon.  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1 .  AGENCY  USE  ONLY  (Leave  blank) 

2.  REPORT  DATE 

November  1 998 

3.  REPORT  TYPE  AND  DATES  COVERED 

Proceedings 

4.Trn.EANDSUBTIUE 

Sediment  Characterization  and  Mapping  Using  High  Frequency  Acoustic  and  Core 

Data  in  the  Chesapeake  Bay 

5.  FUNDING  NUMBERS 

Job  Order  No.  74570308 

Program  Element  No. 

Project  No. 

Task  No. 

Accession  No. 

6.  AUTHOR(S) 

D.J.  Walter,  D.N.  Lambert,  and  D.C.  Young 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Naval  Research  Laboratory 

Marine  Geosciences  Division 

Stennis  Space  Center,  MS  39529-5004 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

NRL/PP/7431-98-0005 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS{ES) 

Naval  Facilities  Engineering  Service  Center 

Alexandria,  VA 

10.  SPONSORING/MONITORINQ 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

Proceedings  of  the  Marine  Technology  Society  Annual  Conference,  16-19  November  1998,  Baltimore,  MD 

12a.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 

12b.  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  words; 

Several  locations  in  the  Chesapeake  Bay  were  sun/eyed  with  an  acoustic  seafloor  classification  system  to  characterize  and 
delineate  areal  distribution  of  surfidal  sediment  properties.  Predictions  of  acoustic  impedance  using  this  system  provide  a 
capability  for  initial  assessment  and  prediction  of  sediment  properties  during  the  survey.  Color-coded  trackiine  maps  created  in 
real-time  on  a  computer  monitor  represent  estimated  surfidal  sediment  facies  type  and  location.  .  tu*  i. 

Analyses  of  the  color-coded  maps  reveal  a  diversity  of  sediment  types  and  distribution  at  each  site  and  between  sites.  Thick 
sediment  coverings  are  predominantly  fine  grained  as  identified  by  low  intensity  acoustic  returns.  Thin  coverings  consist  of  more 
dense,  granular  materials  and  are  identified  by  higher  intensity  acoustic  returns.  Two  locations  south  of  the  mouth  of  the  Patuxent 
River  and  one  near  the  mouth  of  the  Choptank  River  consist  primarily  of  fine  and  medium  silts  to  silty  clays.  These  sizes  exhibit 
the  lowest  impedance  levels  on  the  trackline  maps.  Samples  collected  at  one  site  slightly  inside,  and  three  sites  north,  of  the  rnouth 
of  the  Patuxent  River  are  composed  of  more  dense,  granular  sands.  Higher  predicted  impedances  on  the  maps  are  indicative  of 
dense  sediments.  Acoustically  derived  impedance  predictions  have  been  gridded  and  contoured  to  create  a  color-coded  sediment 
facies  province  map  at  one  of  the  sites.  This  province  map  provides  a  representation  of  relative  sediment  type  and  distribution 
at  this  site. 

14.  SUBJECT  TERMS 

ASCS  (Acoustic  Seafloor  Classification  System),  surficial  sediments,  and  Chesapeake  Bay 

15.  NUMBER  OF  PAGES 

7 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

Unclassified 

18.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE 

Unclassified 

19.  SECURITY  CLASSIFICATION 

OF  ABSTRACT 

Unclassified 

20.  LIMITATION  OF  ABSTRACT 

SAR 

NSN  7540-01-280-5500 

standard  Form  298  (Rev.  2-89) 
Prescribed  by  ANSI  Std.  Z39-18 

SBPIMENT  CHARACTERIZAIION  AND  MAPPINO  USING  fflGH 
FREQUENCY  ACOUSTiC  AND  CORE  D  ATA  IN  THE 

CHESAPEAKE  BAY 

D/J.  Walter.  D.  N.  Lambei^  and  D.  C.  Young 
Naval  Reseatth  Laboratory,  Code  7^3:1*  i^tenriis  Space  Center,  MS  39529 
728-688-5478;  e-niail:don,walter@Mssc,nayy.^ 


.  Attract  -  Severn  iocadons  in  the  !Cbesa;pake  Bay 
were  surveyed  vi/iih  an  aceuatic  seafloor  classi  fieation 
system  to  characterize  and  delitteaie  areal  dlstrito^^^ 
of  surilcial  sediinent  propeities.:  Predictiohs  of 
iacousfio  itnpcdande  usin^  this  isystent  provide;  a 
capabiiity  for  initial  assessment  and  predietion  of 
s^ipjent  pfopefties  during  the  survey.  Color-coded 
trackline  rtuips  created;  in  real-dme  on  a  con^uter 
monUor  represent  estimated  sdrficial  sediment  facies 
t^  and  location:. 

Analyses  of  the  col<if -coded  niaps  reveal  a 
diYc*$ity  of  seditnent  types  and  distribution  at  each 
site  and  between.  Sites,  Thick  sediment  coverings  arc 
ptedoirilnantly  fine  gained  as  identified  by  low 
intensity  acoustic  returns,  njin  coverings  consist  of 
pKiite  dense,  granular  materials  and  are  identified  by 
higher  intensity  acoustic  returns.  Two  locations 
south  of  the  mOuih  :Of:  die  Patuxent  River  and  one 
hear  the  mouth  of  the  ChtrpUink  River  consist 
■jhimarily  of  fine:  and  medium  silts  to  silly  clays. 
These  sites  exhibii  the  lowest  impedance  levels  on 
the  trackline  thaps.  Saniplcs  collected  at  one  site 
Slightly  inside,  and  three  sites  north*  of  the  mouth  of 
'the  Patuxeni  Rivet  are  composed  of  more  dense, 
granular  sands.  Higher  predicted  impedances  on  the 
m:^  are  indicative  of  dense  sediments.  Acoustically 
derived  ih^wdance  predklions  have  been  grvdded  and 
contoured  to  aeate  a  color-coded  sediment  facies 
pfOyince  at  one  of  the  sites,  'fhis  province  map 
provides  a  representation  of  relative  .sediment  type 
:aiid  distribution  at  this  site. 

L  Background 

The  Naval  Research;  Laboratory 
(NRL)  and  the  Naval  Facilities  Engineering 
iService;  Gchter  (NFESC)  conducted  a  scries 
of  Matloof  studies  in  the  Chesapeake  Bay, 
using  a  high-frequency  acoustic  subbottoni 
profiling  sy.stein,  several  geotechnical  tools, 
and  sediment  cores.  Operations  were 
Cohducted  out  of  Solomons,  MB  aboard  the 
State:  of  Maryland  vessels  WV  Elsef  and 


R/V  Biscovery  for  approximately  tell;  days 
in  August  1994. 

IThe  objective  of  the  Study^  wits  to 
evaiuaie  these  geologic  and  geoteChnici^ 
rneasurenient  techhigues  for  rapid 
assessment  of  .seafloor  properties  in  fe;^^ 
time  while  underway.  This  area  provided^  a 
diverse  atray  of  sediment  tj'pes  commonly 
found  in  shallow-marine  areas  within  a 
relatively  limi  ted  geographie  teglom 

II.  Setting 

Site  locations  are  indicaied  by  a  (X) 
in  Rg.  1.  As  shown,  all  sites  are  .located  in 
the  northern  (Maryland)  section  of  the  bay. 
One  site  is  located  in:  the  Choptank  River  on 
the  eastern  :Side  Of  the  bay  hear  C^k  Foint, 
three  are  north  of  the  Patuxent  River,;  one  is 
near  the  mouth  of  the;  Patuxent  River  (third 
X  from  the  bottom)  and  two  are  south  of  the 
Patuxent  Ri  ver. 


Maryluncl  portion  of  the  Cftesa[5C3ke  Bay, 


in.  Methods 


\ 


The  pritnary  acoustic  system  used 
for  this  work,  the  NRL  Acoustic  Seafloor 
Qassification  System  (ASCS),  is  a  normal 
incidence,  narrow  beamwidth,  multi- 
frequency,  high-resolution,  digital  acoustic 
profiling  system  that  records  and  displays 
raw  acoustic  water  column,  bottom,  and 
subbottom  data  in  real  time.  It  is  typically 
operated  using  a  short  pulse  length  (0.1  to 
0.3  milliseconds)  with  a  narrow-beam 

transducer  (12**  at  15  kHz).  Algorithms 
based  on  multi-layer  acoustic  theory  (Clay 
and  Medwin  1977)  are  used  with  the 
acoustic  reflection  to  compute  acoustic 
impedance  for  ten  sediment  column  depth 
intervals  in  near-real  time  (Lambert  1988). 

Acoustic  impedance  is  used  to 
estimate  the  amount  of  energy  reflected 
from  a  boundary  when  a  sound  pressure 
wave  passes  from  a  medium  of  one 
impedance  to  a  medium  of  a  different 
impedance  (Hamilton  and  Bachman  1982). 

Each  acoustic  ping  and  its  associated 
position  is  continuously  mapped  on  a 
computer  monitor  in  a  color  corresponding 
to  the  predicted  value  of  surficial  sediment 
impedance  at  that  geogmphic  location.  This 
pr(^uces  a  map  of  the  ship  tracks  that  are 
color-coded  in  accordaitce  with  values  of 
acoustic  impedance  (Fig.  2a). 

The  acoustic  impedance  data  is  used 
to  predict  various  sediment  properties  by 
using  previously  developed  empirical 
relationships  established  by  Hamilton  (1980) 
and  Hamilton  and  Bachman  (1982).  The 
ASCS  software  to  relate  acou.stic  impedance 
to  sediment  property  values  uses  these 
regressions.  Samples  of  these  relationships 
are  presented  graphically  in  Fig.  2b.  To  u.se 
them,  select  a  location  along  the  track  in  Fig. 
2a,  detennine  the  track  color  at  tiiat  location 
and  then  use  the  same  color  on  the  sediment 
property  color  .scales  (Fig  2b)  to  estimate  the 
sediment  property. 


Fig.  2.  (a)  Color  navigation  map  of  Plum  Point 
survey  area.  Center  coordinates  are  38**  36.4*  N.  and 
76"  29.0’  W,  Track  crossings  near  core  location  are 
denoted  by  while  circle. 

(bl  Sediment  Property  Color  Scales 


Densiiy  Gf.  Size  Porosity  Snd.  Vel. 


Fig.  3.  Acoustic  im;igery  obtained  near  location  of 
core  site  off  Plum  Point.  .Solid,  horizontal  lines 
indicate  depth  scale  at  5?n  intervals.  The  disiance 
between  the  two  vertical  event  marks  is 
approximately  750m. 


'  Sediment  core  samples  were 
obtained  by  two  methods,  depending  on 
bottom  type.  Gravity  cores  were  obtained  in 
the  soft  areas  using  a  3-m  long  by  7.79  cm. 
(hmer)  diameter  PVC  core  uite.  Hard 
besoms  were  cored  using  a  vibratory  coring 
apparatus  with  the  same  PVC  pipe  lining  the 
aluminum  coring  pipe.  Samples  were 
analyzed  for  wet  bulk  density,  porosity, 
water  content,  sound  velocity,  grain 
size/composition  and  distribution. 

IV.  Results  and  Discussion 

Acoustic  images  and  color-coded 
trackline  navigation  maps  provide  both  a 
qualitative  and  semi-quantitative  view  of 
sediment  type  in  selected  areas  surveyed 
during  the  summer  of  1994.  As  discussed 
above,  the  combination  of  the  track  line 
navigation  maps  witii  the  acoustic  imagery 
provides  a  capability  to  estimate  sediment 
properties  as  well  as  delineate  property 
boundaries  in  real-time. 

This  is  demonstrated  by  examining 
Figs.  2  and  3  in  unison.  Hg.  3  presents  the 
subbottom  record  as  the  vessel  transits  along 
one  of  the  tracks  illustrated  in  Fig.  2a.  The 
white  circle  denotes  the  location  of  the  core 
site.  The  yellow  vertical  event  mark  at  the 
left  center  of  Hg.  3  also  illustrates  the 
closest  passage  of  the  vessel  to  the  core  site. 

The  color  scale  at  the  right  portion  of 
Fig.  3  represents  the  intensity  of  the  acoustic 
signal  from  96  dB  at  the  top  to  0  dB  at  the 
bottom,  hispection  of  the  acoustic  data 
shows  that  the  signal  intensity  increases  as 
the  vessel  proceeds  into  shallow  water.  The 
light  blue  lines  at  the  top  of  the  image  are 
also  analogous  to  the  signal  intensity  for  the 
previously  described  (ten)  sediment 
increments.  A  noticeable  increase  in  the 
separation  of  the  lines  away  from  the  top  of 
the  image  occurs  just  before  the  left  event 
mark,  indicating  a  “hardening”  of  sediments 


along  track-  This  feature  is  further 
illustrated  by  the  change  of  color  at  the 
sediment  water  interface  from  yellow/red  at 
left  to  purple  at  the  core  site  and  beyond. 
This  is  a  classic  representation  of  a  bottom 
that  transitions  from  a  sandy  mud  to  a  dense 
sand.  Core  analysis  indicates  an  average 
sediment  wet  bulk  density  of  2.00  g/cm^, 
mean  grain  size  of  1.88  phi,  38.7%  porosity, 
and  1707m/sec  sound  velocity  for  the  upper 
0.48m  at  this  location.  Percent  size  fraction 
was  dominated  by  granulai/sand  sizes  in 
excess  of  86%.  Gravel  and  fine  silt  and  clay 
sizes  were  equally  represented  near  7% 
each.  Shear  strength  measurements  were 
not  obtained  in  these  granular,  non-cohesive, 
sediments.  Calculated  acoustic  impedance 
(sound  velocity  [cj)  *  wet  bulk  density  [p]) 
for  this  core  is  3.4  x  10*^  kg/m^  sec.  Using 
die  Wentworth  (1922)  size  class  scale  these 
sediments  are  described  as  medium  sands. 

Reviewing  the  acoustic  track  data  in 
Fig.  2a,  the  circle  is  located  over  a  color 
(red2)  that  is  associated  with  an  impedance 
value  in  the  range  of  3.29-3.62  x  10^  kg/m^ 
sec.  Using  the  sediment  property  color 
scales  in  Fig.  2b,  empirically  derived 
estimates  of  sediment  properties  are  within 
the  following  ranges;  wet  bulk  density 
»  1.91-2.03 g/cm^,  grain  size*  0.5-1.4phi, 
porosity  *31-36%,  sound  velocity 
*1815-1829  m/sec,  and  acoustic  impedance 
«  3.29-3.62  X 10^  kg/m^  sec. 

Analysis  of  the  acoustic  data  from 
the  six  other  study  sites  followed  the  same 
procedure  of  identifying  the  track  color  at  or 
near  the  core  location  to  acquire  an  estimate 
of  the  sediment  property.  Table  1  provides  a 
summary  of  the  sediment  property  values 
obtained  from  core  samples  and  the 
associated  acoustically  predicted  ranges  in 
proximity  to  these  sites. 


T&ble  1.  Core  measured  properties  and  ASCS  estimates  obtained  from  color-coded  navigation  plots  at  all 
Qiesapeake  Bay  sites.  Sites  are  listed  in  descending  order  (rora  high  to  low  values  of  core  measured  sound  velocity. 
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Core  samples  from  the  upper  three 
sites  listed  in  Fig.  1;  Parker  Creek,  Plum 
Point  and  Hog  Island  have  sediments  that 
arc  dominated  by  granular  materials,  having 
combined  gravel  and  sand  fractions  in 
excess  of  88%.  The  Holland  Point  and  St. 
Jerome  sample.^  have  less  granular  content 
with  gravel  and  sand  fractions  below  35%. 
Silt  and  clay  fractions  are  in  excesis  of  65% 
in  these  samples.  Samples  from  the  softest 
sites,  off  Bi.scoe  Pond  and  Cook  Point  are 
dominated  by  .silt  and  clay  fractions  at 
greater  than  87%  each.  Gravel  and  sand 
fractions  here  are  13%  or  less. 

Fig.  4  illustrates  an  acoustic  profile 
obtained  along  a  track  near  the  cote  site  at 
Holland  Point  (yellow  event  mark  in  the  left 
portion  of  the  image).  Note  the  mottled 
nature  of  the  acoustic  return  below  the 
seafloor  at  left  and  the  slight  decrease  in 
signal  intensity  towards  the  right  side  of  die 
image. 


Hg.  4.  Acoustic  imagery  obtained  near  location  of 
core  site-  off  HoUaiid  Point.  Solid,  horizontal  lines 
indicate  depth  scale  at  5m  intervals.  The  distance 
between  the  two  vertical  event  marks  is 
ajrproxintatcly  750ra, 

Fig.  5  presents  the  color-coded 
trackline  map  of  acoustic  impedance 
obtained  along  this  track.  The  black  circle 
indicates  the  location  of  the  core  site.  Based 


oh  the  core  data  presented  in  Table  1,  the 
sediment  here  is  described  as  medium  silt 
(5.4  phi),  consisting  of  40%  clay,  20%  silt, 
25%  sand  and  14%  gravel  sizes.  Core 
measured  impedance  is  2.33  x  10®  kg/m^ 
sec.  The  acousUc  impedance  prediedon 
obtained  from  the  trackline  map  at  the  circle 
Is  in  the  2.22  >  2.44  x  10®  kg/m^  sec  range. 


Fig.  5,  Color  navigation  map  of  Holland  Point 
survey  area.  Center  coordinates  are  38®  4.5.0'  N,  and 
76®  29.8’  W.  The  black  circle  denotes  the  location  of 
the  sediment  core  .sample. 


Hiere  is  a  transition  in  sediment 
properties  indicated  by  the  change  in 
acoustic  response  at  the  center  portion 
of  Fig.  4.  The  image  represents  a  portion  of 
the  track  that  lies  northeast  of  the  core 
location  indicated  on  the  map.  The  bottom 
property  transitions  are  illustrated  by  the 
change  in  color  along  this  trackline. 
Inspection  of  the  color  scales  in  Figs.  4  and 
5  indicate  that  the  sediments  have  a  lower 
impedance  as  this  track  progresses  further  to 
the  northeast. 

After  compledng  the  survey,  a  pseudo- 
3D  map  was  created  by  draping  the 
contour^  impedance  surface  over  the 
seafloor  bathymetry.  This  ma^  delineates 
the  bard  (sand  and  consolidate  clay)  and 
soft  (mud)  sediment  facies  of  the  surficial 
.sediment  cover  (0.0-0.4m)  at  the  Holland 
Point  study  site  (Fig.  6). 


As  indicated  in  this  map,  the  core 
was  obtained  at  the  edge  of  the  light  yellow, 
high  impedance  zone.  This  bottom  type  is 
most  prominent  in  the  northwe.st  .sector, 
whereas  the  sedinient  cover  to  the  east  is 
predominantly  soft  as  indicated  by  the  low 
impedance  blue  color  on  the  map. 
Examination  of  the  subbottom  records  along 
tracks  to  the  northeast  and  southeast  of  the 
core  location  validate  this  ob.servation.  This 
tran.sition  is  indicated  in  both  the  trackline 
map  (Fig.  5)  and  the  contour  map  (Fig.  6)  by 
the  color  changes  along  the  northeast  and 
southeast  tracks. 


Fig.  6.  Gslof  contoured  map  of  acoustic  impedance 
for  ihe  surficial  sediments  (0.0-0.4m)  at  study  site  off 
Holland  Point.  A  circle  denote,s  the  approximate 
location  of  the  core  site. 


V.  Conclusions 

In  general,  a  comparison  of  the  core 
measured  projperty  values  with  the  predicted 
valoe.s  in  Table  1  shows  good  agreement. 
All  of  the  core  calculated  impedance  values 
fall  witliin  the  predicted  impedance  ranges 
except  for  the  Parker  Creek  and  Biscoe  Pond 
data.  The  core  location  at  the  Paricer  Creek 
site  lies  approximately  35m  north  and  24m 
east  of  the  vessel  track.  However,  all  sites 
were  surveyed  using  standard  SA  code 
(Selective  Availability)  GPS  tor  navigation 
because  differential  GPS  receivers  were  not 
part  of  the  system  at  that  time.  Intentional 
errors  are  introduced  into  SA/GPS 


nieasurements  that  could  account  for  the 
position  anomalies  between  die  ASCS  trades 
and  the  core  locations.  Although  a 
subbottom  image  along  the  track  soufli  of 
the  core  site  at  Parker  Creek  shows  a  70m 
wide  bottom  exposure  of  high  impedance 
sand,  the  high  impedance  return  is  only 
observed  for  a  few  pings.  It  is  very  likely 
that  the  cores  and  ASCS  data  are  not  truly 
co-Iocated  and,  given  the  areal  variability  of 
these  sediments  indicated  by  the  ASCS 
imagery,  it  is  likely  that  a  comparison  the 
two  data  sets  at  these  sites  is  not  feasible. 

In  addition,  the  empirical  regressions 
used  for  deriving  the  sediment  properties 
were  originally  developed  using  core  data 
fiom  deep,  continental  terrace  sites.  It  is 
highly  likely  that  new  regressions  are 
required  for  confident  quantitative  use  of 
this  technique.  This  is  particularly  evident 
in  reviewing  the  sound  velocity 
comparisons,  which  are  predicted 
consistently  hi^  by  the  ASCS.  Obviously, 
further  work  is  requrr«l  to  develop  more 
confident  relationships  between  acoustic 
impedance  and  these  sediment  properties  in 
shallow,  nearshore,  especially  estuarine, 
environments. 

The  color-coded  tracklines  of 
acoustically  predicted  impedance  can 
however  provide  a  rational  representation  of 
surficial  sediment  type  and  distribution 
within  the  boundaries  of  a  surveyed  area. 
The  relatively  good  correlation  of  wet  bulk 
daisity  and  porosity  at  the  other  sites 
snbstentiates  this  observation,  in  addition, 
although  the  grain  size  (phi)  values  are  not 
exactly  matched,  they  are  for  the  most  part 
in  a  comparable  Wentworth  size  class. 
Some  variation  is  expected  due  to  the 
combined  effects  of  sediment  spatial 
variability  and  positioning  variance  between 
the  actual  core  locations  and  the  acoustic 
survey  lines. 


Using  either  the  core  data  or  the  A5CS 
predictions,  the  sites  may  be  divided  into 
two  separate  categories:  i.e.,  file  hard, 
granular  sediments  in  and  north  of  the 
Patuxent  River,  Hog  Island,  Parker  Qeek 
and  Plum  Point;  and  the  soft,  fine  grained, 
cohesive  sediments  south  of  the  river,  St. 
Jerome,  Biscoe  Pond  and  Cook.PoinL 

Analysis  of  the  impedance  trackline 
maps  also  indicates  that  all  of  the  sites 
except  Cook  Point  have  medium  to  coarse 
sands  on  the  shoreward  side  with  a  fining 
and  thickening  trend  offshore  into  deqjer 
water.  Sediment  cover  thickens  and  softens 
towards  the  axis  of  the  bay. 
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